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Large cluster The translational fusion between TfoY and mCherry remains full functionality. Interspecies killing assay between a WT, TfoY-(TntfoY-strep), and TfoY-mCherry-expressing (TntfoY-mCherry-strep) V. cholerae strain as predator and E. coli prey. (C) Low c-di-GMP levels lead to interbacterial killing. E. coli and the indicated V. cholerae strains (all carrying a gene encoding a functional translation fusion between tfoY and mCherry at the indigenous tfoY locus) were co-incubated on arabinose-lacking (-ara) or arabinose-containing (+ara) LB agar plates. (D) Expression of the phosphodiesterase cdpA results in TfoY-dependent interbacterial killing. E. coli and the indicated V. cholerae strains (WT or tfoY-minus mutant ΔtfoY) expressing a diguanylate cyclase (Tn-vdcA) or a phosphodiesterase (Tn-cdpA) were co-incubated on arabinose-containing (+ara) LB agar plates. Details as in Figure 1 . (E) Detection of TfoY-mCherry produced by c-di-GMP phosphodiesterase-expressing cells. VdcA or cdpA expression was induced by arabinose where indicated. The WT strain, which lacks the tfoY-mCherry fusion construct, served as negative control. Western blot analysis was performed as described for Figure 3C except that mCherry-specific antibodies were utilized. A nonspecific cross-reaction (marked with an asterisk) serves as a loading control. (F) Hemolytic activity of the indicated strains was tested on blood agar plates. The WT and an hlyA-mutant served as the positive and negative control, respectively. (G) Activity of the lecithinase (thermolabile hemolysin) was assessed on egg yolk plates. The WT and a lec-minus strain served as controls. Auxiliary6 cluster61
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# TfoX-induced data are from a previous study (Borgeaud et al., 2015) . # Average number of plaques from three independent experiments with three replicates each ± standard deviation (SD). 
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This study *VC numbers according to (Heidelberg et al., 2000) .
EXTENDED EXPERIMENTAL PROCEDURES
Bacterial strains, plasmids, and growth conditions V. cholerae strains and plasmids are listed in Table S3 . Escherichia coli strains DH5α (Yanisch-Perron et al., 1985) , TOP10 (Invitrogen), and S17-1λpir (Simon et al., 1983) were used for cloning purposes and served as donors in bacterial mating experiments, respectively. A V52Δrhh (ΔrtxA ΔhlyA ΔhapA) strain served as the parental strain for T6SS activity and amoebal killing (see below), in accordance with previous protocols (Bachmann et al., 2015; Miyata et al., 2011) . V. cholerae and E. coli strains were grown aerobically in LB medium or on LB agar plates at 30°C or 37°C unless otherwise stated. LB motility soft agar plates contained reduced agar concentrations (0.3%) compared to standard LB agar plates (1.5%). When required, arabinose (for the expression of tfoX, tfoY, tfoY-mCherry, vdcA, and cpdA under the control of the P BAD promoter) or antibiotics were added to the growth medium at the following concentrations: L-arabinose 0.02% or 0.2%, ampicillin 50 µg/ml or 100 µg/ml, kanamycin 75 µg/ml, streptomycin 100 µg/ml, chloramphenicol 2.5 µg/ml, and gentamicin 50 µg/ml. For E. coli counter-selection after tri-parental mating with V. cholerae, Thiosulfate Citrate Bile Salts Sucrose (TCBS) agar plates were used and prepared following the manufactures' instructions (Sigma-Aldrich/Fluka, Buchs, Switzerland). Half-concentration defined artificial seawater (0.5x DASW; (Meibom et al., 2005) ) was used for chitin-induced natural transformation experiments.
Genetic engineering of strains and plasmids
All DNA manipulations were performed according to standard molecular biology protocols. Enzymes were purchased from the following companies and used as recommended by the manufacturer: Pwo polymerase (Roche), Taq polymerase (Promega), and restriction enzymes (New England Biolabs). Genetically engineered bacterial strains and plasmids were screened by colony PCR followed by Sanger sequencing (Microsynth, Switzerland).
To genetically modify V. cholerae strains, a gene disruption method based on the counter-selectable suicide plasmid pGP704-Sac28 (Meibom et al., 2004) or a transformation-based genetic engineering method (TransFLP; (Blokesch, 2012; Borgeaud and Blokesch, 2013; De Souza Silva and Blokesch, 2010) ) was utilized. The latter technique was also used to replace the tfoY gene of V. cholerae A1552 with a translational tfoY-mCherry fusion allele at the gene's native locus. The plasmids pBR-FRT-Kan-FRT2 and pBR-FRT-Cat-FRT2 served as templates for the addition of the flippable antibiotics cassette.
Plasmid pBAD-tfoX-strep was constructed by amplification of the tfoX gene with Strep-tagII-encoding primers using the genomic DNA (gDNA) of V. cholerae strain A1552 as the template. The restriction enzyme-digested PCR product was cloned into the appropriately digested plasmid pBAD/MycHisA (Table S3 ). The tfoY gene was amplified using gDNA from V. cholerae strain A1552 and cloned after restriction enzyme digestion into the plasmid pBAD/MycHisA, resulting in plasmid pBAD-tfoY (Table S3 ). The same strategy was employed to obtain plasmids pBAD-vdcA and pBAD-cdpA (Table S3 ). The Strep-tagII-encoding sequence was added to tfoY by inverse PCR using overlapping oligonucleotides. The template was subsequently digested by DpnI, and the non-digested PCR fragment was column-purified and used directly to transform chemically competent E. coli cells.
The plasmid pBAD-tfoY-mCherry-strep was constructed in two steps. First, a SmaI restriction site was introduced in-between the tfoY open reading frame and the Strep-tagII by inverse PCR on plasmid pBAD-tfoY-strep, as described above, resulting in plasmid pBAD-tfoY-strep-CSmaI. Subsequently, the mCherry-encoding gene was amplified using phosphorylated primers and cloned into the SmaI-digested pBAD-tfoY-strep-CSmaI plasmid.
The fragments containing araC, the arabinose-inducible promoter P BAD , and the tfoX-strep, tfoY-strep, tfoYmCherry-strep, vdcA or cdpA gene were amplified from the corresponding pBAD plasmids (Table S3 ) and cloned into the mini-Tn7-containing delivery plasmid (Table S3 ). For the insertion of this mini-Tn7 transposon into the V. cholerae chromosome, a triparental mating strategy was employed (Bao et al., 1991) . The donor plasmids are indicated in Table S3 .
Natural transformation assays
The natural transformability of V. cholerae strains grown on chitin surfaces was determined as previously described (De Souza Silva and Blokesch, 2010; Marvig and Blokesch, 2010) . To test for chitin-independent transformation, the strains carried an arabinose-inducible copy of tfoX-strep (e.g., including the Strep-tagII-encoding sequence) or tfoY-strep on the chromosome. The assay was performed as previously described (Lo Scrudato and Blokesch, 2012) . The gDNA of A1552-lacZ-Kan (Marvig and Blokesch, 2010) served as the transforming material in all transformation assays. Transformation frequencies were calculated as the number of transformants divided by the total number of colony-forming units (CFU). At least three independent biological replicates were performed for each experiment, and averages of all experiments are indicated in the figure (±SD). Statistical analyses of transformation frequencies were performed on log-transformed data using a two-tailed Student's t-test. For values below the detection limit, the detection limit value was utilized for statistical calculations.
Interbacterial killing assay
The interbacterial killing assay was performed following a previously established protocol (Borgeaud et al., 2015) . Briefly, the predatory V. cholerae strain and the E. coli prey were mixed at a 10:1 ratio and spotted onto membrane filters on pre-warmed LB agar plates (± 0.2% ara). After incubation at 37°C for 4 h, the bacteria were resuspended from the filters, and serial dilutions were spotted onto plain LB (growth control) and antibiotic-containing LB agar plates (to select for the respective E. coli prey strains) to enumerate colony-forming units (CFU/ml). At least three biological experiments were performed, and averages of these independent replicates are given throughout the manuscript. Statistically significant differences were determined by the two-tailed Student's t-test on logtransformed data. In case the E. coli CFUs were below the detection limit of 200 CFU/ml, the value was set to the detection limit to allow statistical analysis.
Motility assay
To assess the motility of V. cholerae, 2 µl of the relevant overnight culture was carefully spotted onto freshly prepared LB motility agar plates and incubated at room temperature for 24 h. The next day, the swarming diameter was scored. The motility induction was calculated by dividing the swarming diameter under induced versus uninduced conditions. All experiments were repeated several times independently (n ≥ 3), and averages of all experiments (± standard deviation) are provided. A two-tailed Student's t-test was performed for statistical analyses.
Gene expression analysis by qRT-PCR
Quantitative reverse transcription PCR (qRT-PCR)-based transcript scoring in V. cholerae was performed following a previously published protocol (Lo Scrudato and Blokesch, 2012) . Averages of at least three biologically independent experiments (± standard deviation) are provided.
SDS-PAGE and Western Blotting
For the preparation of cell lysates, bacteria were cultivated in LB medium without or with arabinose, as indicated. After harvesting, the bacterial cells were resuspended in an appropriate volume of Laemmli buffer to adjust for the total number of bacteria (based on measurement of the optical density at 600 nm; OD 600 ) and boiled for 15 minutes. Proteins were separated by sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis and subjected to western blotting as previously described (Lo Scrudato and Blokesch, 2012) . Primary antibodies against Hcp (see below), E. coli Sigma 70 (BioLegend, USA distributed via Brunschwig, Switzerland), or mCherry (BioVision, USA distributed via LubioScience, Switzerland) were diluted at 1:5'000. Goat anti-rabbit horseradish peroxidase (HRP) (diluted 1:20'000; Sigma-Aldrich, Switzerland) and goat anti-mouse HRP (diluted 1:5'000, Sigma-Aldrich, Switzerland) were used as secondary antibodies. Lumi-Light PLUS western blotting substrate (Roche, Switzerland) was used as the HRP substrate and the signals were detected on chemiluminescence-detecting films (Amersham Hyperfilm ECL, GE Healthcare).
Generation of antibodies against Hcp
Anti-Hcp antibodies were raised in rabbits against synthetic peptides (Eurogentec, Belgium). To exclude potential cross-reactions with proteins migrating towards the same position as the target protein, the antibody was tested against the hcp1 hcp2 double knockout strain using western blotting (data not shown).
Epifluorescence microscopy and image analysis
Wide-field microscopy images were acquired using an epifluorescence microscope (Zeiss Axio Imager M2; details are provided elsewhere (Lo Scrudato and Blokesch, 2012) ). The bacterial cultures were grown in LB medium (±ara) and then mounted onto agarose pads. Image analysis and processing were performed using the Zeiss AxioVision software, ImageJ, and Adobe Illustrator. For comparisons between different culture conditions (e.g., WT versus hapR-minus strains grown in the absence or presence of inducible tfoX or tfoY), the images were acquired using the exact same exposure time. However, the brightness was decreased for the TfoX-induced vipA-sfGFP signal for a better representation. For intraspecies killing, the two strains (predator and non-immune prey) were mixed at a ratio of 1:1 before being applied to an agarose pad. The mixed communities were incubated for 2 h at 24°C before imaging.
Dictyostelium discoideum plaque assay
To determine the cytotoxicity of V. cholerae strain V52 (V52Δrhh) toward D. discoideum, an amoebal plaque assay was performed following a previously described protocol (Pukatzki et al., 2006) with slight modifications. Briefly, bacteria were cultured overnight in LB medium at 30°C and harvested by centrifugation. The cell pellet was resuspended in SorC buffer and diluted to an OD 600 of 5.5. D. discoideum cells were detached, collected by centrifugation, resuspended in SorC buffer, and added to the bacterial suspension to a concentration of 5 x 10 2 amoebal cells per ml. Subsequently, 200 µl of the homogenate was plated on agar plates made of 5-fold diluted SM medium (SM medium according to (Sussman, 1987) ). Plates were incubated for 3 to 5 days at 24°C, followed by the enumeration of the number of D. discoideum plaques. Three independent experiments were performed, each containing three technical replicates, and a two-tailed Student's t-test was performed to ascertain statistical significance.
Hemolysin activity on blood agar plates
The hemolytic activity of V. cholerae was assayed using trypticase soy agar containing 5% sheep blood (BD, Allschwil, Switzerland) supplemented with 1 mM EDTA. The respective overnight cultures were spotted onto the plates and incubated at 30°C for 24 h to 30 h. The WT and a hlyA-minus mutant served as the positive and negative control, respectively.
Lecithinase / thermolabile hemolysin activity on egg yolk plates
To assess the activity of the lecithinase (also known as thermolabile hemolysin/phospholipase), V. cholerae bacteria grown overnight were spotted onto egg yolk-containing agar plates and incubated at 30°C for 72 h. Plates were freshly prepared as follows: a 30% egg yolk (Sigma-Aldrich/Fluka, Buchs, Switzerland) suspension in sterile water was prepared and subsequently diluted 1:20 in autoclaved, warm LB agar before plates were poured. The WT and a lec-minus mutant strain served as the positive and negative control, respectively.
